A simple, rapid plasmid mini-prep procedure for lactococci and lactobacilli which gives high yields and can be performed on overnight broth cultures is presented. Large plasmids were isolated from both lactococci and lactobacilli, including a 70-kb plasmid from LactobaciUlus acidophils C7. The purity of the resulting plasmid DNA makes it suitable for subsequent molecular manipulations. The convenience of the technique makes this rapid mini-prep procedure suitable for routine plasmid isolation from lactic acid bacteria.
this study: Lactococcus lactis strains NCK545, NCK546 (NCK culture collection, this lab), NCK203, NCK211 (6) , and LM0230, containing the high-copy-number vector plasmid pIL253 or the low-copy-number plasmid pIL252 (14) ; Lactobacillus plantarum NCK129 and Lactobacillus delbrueckii subsp. bulgaricus 1OA (NCK culture collection), Lactobacillus acidophilus C7 (7), and Lactobacillus johnsonii VP111088 (NCK88) (12) . Lactococcal strains were cultured at 30°C in M17 broth (Difco Laboratories, Detroit, Mich.) containing 0.5% glucose. For LM0230, NCK211, and NCK546, erythromycin (2 pg/ml) was incorporated to maintain selection for recombinant plasmids. Lactobacillus strains were cultured in MRS broth (Difco Laboratories) at 37°C. All agarose gels were electrophoresed horizontally in 0.5x Tris-borate buffer (13) .
The details of the plasmid mini-prep procedure used in this study are outlined in Fig. 1 . This procedure was devised by modifying steps from E. coli mini-prep procedures to meet the specific needs of lactococcal plasmid isolation. The initial lysozyme step, which is generally not necessary for gram-negative bacteria, is imperative here. The high concentration of lysozyme used was found to be very efficient at protoplasting, with no adverse effects. It should be noted that while this treatment was sufficient to protoplast lactococcal strains, some Lactobacillus spp. may be better treated with mutanolysin, as described by Klaenhammer (7) . To test this hypothesis, the protoplasting solution in step 1 was supplemented with 300 U of mutanolysin; this enabled complete lysis of most of the Lactobacillus spp. used. However, this modification was found to be detrimental to detection of the larger Lactobacillus plasmids and is therefore not generally used for plasmids of >25 kb.
Mixing of the DNA solution immediately after the addition of SDS enabled a more thorough distribution of the detergent and facilitated more efficient lysis of the cell population. The degree and severity of mixng (in all steps) were dictated by the sizes of the plasmids present; for example, vortexing for a few seconds was used for small plasmids (<25 kb), but to prevent shearing of larger plasmids, gentle mixing was accomplished by several tube inversions, sufficient to achieve mixng. The presence of ethidium bromide facilitated protein extraction by phenol-chloroform, presumably by intercalating the DNA and enabling displacement of tightly bound proteins (15 estimated to be present at 6 to 9 and 45 to 85 copies, respectively (14) . Figure 2 shows uncut and restricted pIL253 and pIL252 preparations. Both these vectors exist in Lactococcus spp. in multimeric forms, shown clearly in the uncut plasmid profiles (Fig. 2) . The lanes represent either 4% of the pIL253 preparation or 20% of the pIL252 preparation, demonstrating that the procedure was very efficient at extracting plasmid DNA. Complete restriction of the plasmids was achieved in a low restriction digest volume (20 ,ul), demonstrating the purity of the preparations. Both of these plasmid preparations were also used directly in successful ligation and cloning experiments (data not shown).
While this procedure was developed initially to quickly analyze recombinant plasmids in lactococci, it was subsequently evaluated for examining plasmid profiles of different strains of Lactococcus and Lactobacillus spp. As shown in Fig. 3A from all strains tested. The recombinant plasmids pTK6 and pTRK326 were introduced previously into NCK203, and they were clearly visible in the uncut profiles shown in Fig.  3A . Restriction endonuclease digestion of both recombinant plasmids with BamHI (a single site in both plasmids) resulted in complete digestion (Fig. 3B) .
Relatively large plasmids can be isolated by this technique. A plasmid conservatively estimated to be 70 kb was readily isolated from L. acidophillus C7 and is shown in Fig.  4 . The profiles of the L. plantarum and L. bulgaricus strains also compared favorably with the profiles reported previously for these strains (7) . Total restriction of these plasmid preparations was also observed (data not shown).
These mini-preps were done with overnight stationaryphase cultures of Lactobacillus strains. Therefore, the protoplasting and lysis steps detailed in Fig. 1 were adequate when applied to lactobacilli and generated sufficient plasmid DNA for analysis. This mini-prep procedure should prove extremely useful for routine analysis of plasmids in lactic acid bacteria and possibly in other gram-positive bacteria.
